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1. Introduction 
 

The DPA value (Displacement per Atom) indicates the 
defects in crystal solid that are created by incident 
neutron interacting with material, which is an important 
assessment for materials strength studies of nuclear 
reactor components under irradiation [1]. Recently, an 
effort has been made to introduce the DPA calculation 
capability in STREAM. 

STREAM developed by the Computational Reactor 
Physics and Experiment Laboratory (CORE) at the Ulsan 
National Institute of Science and Technology (UNIST) is 
a deterministic neutron-transport code specialized for the 
analysis of two-dimensional or three-dimensional reactor 
cores [2]. The generation of a multigroup damage cross 
section library and the DPA calculation steps in 
STREAM are presented in this paper. 
 

2. Method and Results 
  
2.1. DPA calculation method  
 

The number of dislocated atoms (DA) in a crystalline 
solid by neutron irradiation is calculated by Eq. (1) (as in 
NRT model [3,4]). 
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where the sum with the index i is over all the different 
nuclide in the interested material. The term 𝑬𝑬𝒊𝒊𝑫𝑫 
represents the available energy of nuclide i to form the 
atomic displacements, 𝑬𝑬𝒊𝒊𝑫𝑫 is the displacement threshold 
(energy to dislocate an atom) of i and  𝜼𝜼 is an efficiency 
factor, usually set as 80%. 

The value 𝑬𝑬𝒊𝒊𝑫𝑫  is nuclide dependence and material 
dependence. Some typical values of 𝑬𝑬𝒊𝒊𝑫𝑫  are shown in 
Table I [5]. If the 𝑬𝑬𝒊𝒊𝑫𝑫 for a certain nuclide is not given, 
STREAM adapts a value of 25 eV as a rough estimation 
in the calculation. The 𝑬𝑬𝒊𝒊𝑫𝑫 value for a certain nuclide is 
computed as: 

𝑬𝑬𝒊𝒊𝑫𝑫 = 𝝓𝝓𝑵𝑵𝒊𝒊𝛔𝛔𝒏𝒏𝒅𝒅𝑽𝑽 (𝟐𝟐) 
where 𝝓𝝓  is the neutron flux (#/cm2-s), 𝑵𝑵𝒊𝒊  is the 

number density (#/barn-cm), 𝛔𝛔𝒏𝒏𝒅𝒅  is the damage cross 
section (eV-barn) and V is the material volume (cm3). 

The DPA rate (per second) is then simply obtained by 
dividing the DA value by the total number of atoms in 
the interested material. 
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The generation of damage cross section and 
verification of DPA calculation in STREAM are 
presented in the next sections. 

 
Table I. 𝑬𝑬𝒊𝒊𝑫𝑫 of some typical elements in materials.  

Element ED (eV) Element ED (eV) 

Zr 40 ZnO 
40 (Zn) 
57 (O) 

Fe 17-44 ZnS 10 (Zn) 
15 (S) 

UO2 
40 (U) 
20 (O) C graphite 28-31 

Al 19-27 C diamond 80 
 
2.2. Damage cross section 
 

 The damage micro cross section is generated from 
ENDF/B-VII.1 library [6] by nuclear data processing 
code NJOY [7]. The HEATR module in NJOY will be 
called to generate the damage cross section (MT=444). 
To be consistent with the damage cross section used in 
MCS [8] or MCNP (ACE format) [9], the tag for gamma 
transport is turned on in HEATR so that the energy of 
gamma generated from neutron induced reactions do not 
contribute to the damage energy. The comparison of 
multigroup damage cross section with the continuous 
one for some common nuclides in nuclear reactors is 
shown in Fig. 1.  
 

  
a) 16O b) 90Zr 

  
c) 235U d) 238U 

Figure 1. Multigroup damage cross section for 
STREAM (blue) compared to damage cross section for 

MCS (red). 
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Good agreement is observed between the generated 
multigroup damage cross section for STREAM (in 72 
groups format) compared to the data used for 
MCS/MCNP. 

 
2.3. DPA comparison to MCS 

 
MCS is a Monte Carlo code that has been developed 

at the Ulsan National Institute of Science and 
Technology. The DPA calculation based on NRT model 
has been implemented in MCS and has been verified 
against MCNP [8]. Thus, the DPA from STREAM is 
compared to MCS for a VERA 1B pin cell problem [10]. 
The configuration of this pin cell is shown in Fig. 2. 
 

 
Figure 2. Configuration of the VERA 1B pin cell. 

 
Power density is set as 40 W/g and the depletion was run 
up to a final burnup of 80 MWd/kg. STREAM results for 
DPA in fuel and cladding region are shown in Fig. 3, 
comprising the accumulated DPA and the DPA rate (per 
year). 

 

 
Figure 3. DPA results from STREAM for fuel and 

cladding. 
 
The number densities of fuel at three burnup steps are 
copied from STREAM and used in MCS to ensure 
consistency. In addition, if the 𝑬𝑬𝒊𝒊𝑫𝑫  values are not 
available for a certain nuclide, 25 eV is used for both 
codes. Comparison to MCS at BOC (0 MWd/kg), MOC 
(40 MWd/kg) and EOC (80 MWd/kg) is shown in Table 
II: Relative error of MCS is ~ 10-3 and is not shown. 
 
Table II. DPA rate (DPA/year) in fuel and cladding in 

comparison to MCS. 
 Fuel  STREAM/

MCS-1 (%) Cladding STREAM/
MCS-1 (%) 

BOC 6.62 1.09 3.86 0.42 
MOC 9.48 0.70 5.62 0.46 
EOC 10.59 0.51 6.23 0.32 
 

The DPA calculation in STREAM shown good 
agreement to MCS. 

3. Conclusion 
 

 The multigroup damage cross section is generated for 
STREAM by NJOY (MT=444). The DPA calculation is 
based on the NRT model and good agreement is observed 
when compared to MCS. The DPA calculation in 
STREAM has extended the code’s capabilities to 
estimate the radiation damage to the reactor materials 
and components. 
 

Acknowledgement  
 

This work was supported by the National Research 
Foundation of Korea (NRF) grant funded by the Korea 
government (MSIT). (No. NRF-
2019M2D2A1A03058371). 
 

REFERENCES 
 

[1] J.A. Mascitti, M. Madariaga, Method for the Calculation of 
DPA in the Reactor Pressure Vessel of Atucha II. Science and 
Technology of Nuclear Installations, 2011. 
[2] S. Choi et al., Development of High-Fidelity Neutron 
Transport Code STREAM, Comput. Phys. 
Commun., 264:107915. 2021. 
[3] M.J. Norgett et al., A Proposed Method of Calculating 
Displacement Dose Rates, Nuclear Engineering and Design, 
Vol. 33, No. 1, p. 50-54, 1975. 
[4] S. Chen et al., Calculation and Verification of Neutron 
Irradiation Damage with Differential Cross Sections, Nuclear 
Instrumentation and Methods in Physics Research B: Beam 
Interactions with Materials and Atoms, Vol. 456, No. 1, p. 120- 
132, 2019. 
[5] L.R. Greenwood et al., Displacement Damage Calculations 
with ENDF/B-V, Proceedings of the Advisory Group Meeting 
on Nuclear Data for Radiation Damage Assessment and 
Reactor Safety Aspects, Oct. 12-16, 1981, IAEA, Vienna, 
Austria. 
[6] M.B. Chadwick, M. Herman, P. Obložinský, et al, ENDF/B-
VII.1: Nuclear Data for Science and Technology: Cross 
Sections, Covariances, Fission Product Yields and Decay Data, 
Nucl. Data Sheets 112(2011)2887 
[7] Macfarlane, R., Muir, D.W., Boicourt, R.M., Kahler III, 
A.C. and Conlin, J.L., 2017. The NJOY nuclear data processing 
system, version 2016 (No. LA-UR-17-20093). Los Alamos 
National Lab.(LANL), Los Alamos, NM (United States). 
[8] M. Lemaire, H. Lee, D. Lee,2020. KERMA and DPA tallies 
in the Monte Carlo code MCS. Transactions of the Korean 
Nuclear Society Spring Meeting, Spring 2020. 
[9] T. Goorley et al., Features of MCNP6, Annals of Nuclear 
Energy, Vol. 87, Part 2, p. 772-783, 2016. 
[10] B.A. Godfrey, VERA Core Physics Benchmark 
Progression Problem Specifications, Revision 4, CASL 
Technical Report: CASL-U-2012-0131-004, 2014. 


